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Concentrations of the endocrine disrupter bisphenol A (BPA) were determined for three 
water samples from the \vatershed of Charleston, IL USA. The analytical approach employed 
solid phase extraction in conjunction with GC/MS-SIM analysis and yielded a limit of detection 
of 30 ppt (parts per trillion). The local waterways Town Branch. Cassel Creek and Embarras 
River showed concentrations of 58( 11) ppt 89(3) ppt and 32(9) ppt respectively. Additional 
measurements of BPA availability from aqueous laboratory extractions of a commercial PVC 
pond liner have been initiated. Preliminary results indicate significant BP A release from the 
pond liner. dependent upon extraction conditions. 
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Background 
Bisphenol A (BPA) is a chemical that has become ubiquitous with the increasing use of 
plastics in today's society. As more and more information about the health effects of BPA come 
to light it is important that research detailing exposure levels and mobility are done in parallel to 
help put the information in a perspective that allows for a proper response. Bisphenol A (or 
BPA) is an endocrine disrupter used in the manufacture of polycarbonate plastics and epoxy 
resins1• BPA has a molecular weight of 228.29 g/mol and has a melting point of 155°C and a 
boiling point of 398°C2. Literature values for the solubility of BPA vary, but consistently are 




Bi.sphenol A (EPA) 
History of BP A 
BP A was first synthesized in 1891 by the Russian chemist Aleksandr P. Dianin3. The 
synthesis involved condensing 2 equivalents of phenol with 1 equivalent of acetone3. However, 
it wasn't until the l 930's that the chemical was first investigated for a commercial use, a 
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synthetic estrogen4. Edward Charles Dodds, a British medical researcher was the first person to 
determine that BPA had the potential to act as a synthetic estrogen4. Dodds spent many years 
investigating various compounds for their potential estrogenic activity, eventually determining 
that diethylstilbestrol (DES) was the ideal synthetic estrogen which was put into commercial use 
in the l 940's4. The compounds BPA and DES are fairly similar, differing mainly in the carbon 




Bisphenol A Diethylstilbestrol (DES) 
In the l 940's DES was used as a treatment for various problems concerning female reproduction 
ranging from menopause to preventing miscarriages4. It was also used heavily in the meat 
industry to increase meat production4. The similarity between these two compounds has raised 
concern because DES was banned from human use in 1971 and from the meat industry in 1979 
after a correlation was found between vaginal cancer and women who were exposed to the drug 
in the womb4. 
It wasn't until the l 940's and 50's that a use for BPA was found in industry4. Its first 
commercial use was in epoxy resins developed in Switzerland by Dr. Pierre Castan5. Dr. Castan 
developed the resin in 1936 using a reaction of BP A and epichlorhydrin that was thermoset with 
phthalic anhydride5. This epoxy resin found use as a dental sealant, adhesive, and as a lining for 
food and beverage storage containers4. In 1957, BPA found its more commonly known use in 
polycarbonate plastics \vhen chemists and Bayer and General Electric discovered that by 
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polymerizing BPA with phosgene they obtained a hard plastic4. Due to its durability and 
translucent properties it is used in everything from electronics to food containers4. Today, BPA 
is one of the largest volume chemicals produced at 8 billion pounds a year6. 
Regulation of BPA as an indirect food additive didn't occur until the 1980's due to a lack 
of evidence of potential hazards4. The first carcinogenesis investigations of the widespread 
chemical did not occur until 19774. However. the testing facility where the tests were being 
conducted, Litton Biotechnics. was found to have some poor scientific practices by the General 
Accounting Office4. Litton Biotechnics was found to have maintenance problems, poor quality 
control, and poor pathology practices4. A few examples listed in their report include: 
pathologists not having complete data on animal conditions, multiple chemicals being tested in 
the same room, and animals on quarantine being placed in a room with animals already on test7. 
At the time of this research there were only two classifications for the results of carcinogenesis 
assays: convincing evidence or no convincing cvidence4. In 1982. even with the GAO's 
findings. BP A was classified as having no convincing evidence and these results were then used 
to establish the acceptable levels of BP A exposure in 19884. 
In 1991, at a meeting in Racine Wisconsin, a widely varied group of scientists with 
backgrounds in endocrines, reproductive physiology, and toxicology released a statement that 
environmental chemicals could lead to disruptions in living beings endocrine systems4. In 
addition. in 1993 BP A exposure became an issue in laboratory practices when endocrinologists 
at Stanford investigating a possibly endogenous estrogen in yeast discovered that it was actually 
leaching from the polycarbonate flasks in their laboratory4. This was one of the first times it was 
considered that BPA could leach out of containers and yield low dosage effects. Up until this 
point toxicology research only considered the effects of high concentrations of a substance on 
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healthy adult animals6. The first studies considering the problems associated with low dosages 
of BP A and the effects on developing organisms were conducted in 1997 by vom Saar+. 
Research done by vom Saal and other researchers during 1997 and 1998 found that low dosages 
of BPA had a measurable impact on prostate weight of mice, mammary glands and the female 
d 
. 3 repro uctJve system . 
Over the next few years a debate took place over what criteria should be used to dictate 
regulation of endocrine disruptors. In 2001 the National Toxicology Program released a report 
on their findings of the effects of low dosages of BPA8. The report indicated that while there 
were credible studies supporting a low dose response to BPA. the sum of the studies on a whole 
was insufficient8. The report went on to suggest research that could be done to clarify 
uncertainties including studies of fetal exposure. BPA · s mode of action. and lingering effects 
after gestational exposure8. In 2004 the Harvard Center released a report using a '·weight of the 
evidence" assessment framework and adhering to established "Good Laboratory Practices4." 
With large numbers of animals, ranges of dosages, and different endpoints examined, the study 
casted doubt on a significant adverse effect of BPA 4. However. this study was funded solely by 
members of the plastics industry and thus the results were under scrutiny for a conflict of 
interest4. In 2005 vom Saal released a dissenting report pointing out that while more than 90% 
of independent studies conducted found evidence of low dose BP A effects. not one of the 
industry funded studies found any effect of BP A 9. 
In 2006 the National Toxicology Program and the National Institute of Environmental 
Health Sciences released several assessments of the literature about BPA 4. These studies 
concluded that current exposure levels of BP A found in the human body is associated with 
changes in the prostate, breast. testis. mammary glands, body size. brain structure and chemistry. 
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and behavior of laboratory animals4. In 2008 the NTP released a statement stating that there was 
'·some concern for effects on the brain, behavior and prostate gland in fetuses, infants and 
children at current human exposures to BPA 4 .'' In the present the FDA is still using the BPA 
safety standard originating from the 1988 results, but, the EPA is starting to consider new rules 
to govern the classification of BPA 10. These rules include potentially classifying BPA as a 
substance that may present risk of injury to the environment conducting further research to 
determine whether or not BPA is harmful to the environment and methods of limiting the release 
of BPA into the environment like finding a BPA alternative in foundry castings (a major source 
of BPA release)10• 
Synthesis and Uses 
In America there are only 5 companies that produce BPA: Bayer. Dow, Hexion Specialty 
Chemicals, SABIAC Innovative Plastics, and Sunoco 11• Industrial scale synthesis of BPA is still 
done as it was originally: an acid catalyzed condensation of phenol and acetone followed by 
purification12. BPA is used in epoxy resins, polycarbonate plastics, and occasionally PVC13. 
Originally, polycarbonate plastics were synthesized by polymerizing BPA with phosgene to 
obtain a clear hard plastic14• However, phosgene is a highly toxic chemical, so since the mid 
I 990's phosgene has been occasionally replaced with diphenyl carbonate12. Commercially, 
because of its durability and transparent qualities it is used for everything from headlight covers 
and window panes to reusable containers and baby bottles 12. 
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Polymerizution o{BPA and diphenyl carhonate. 
In epoxy resins BP A acts as a monomer that when reacted with a base followed by 
epichlorhydrin forms a chain that when reacted with a diamine cross-links the chains to form a 
strong adhesive and sealant15• In industry the most common form of resin is based off the 
diglycidyl ether of bisphenol-A called bisphenol-A diglycidylether (BADGE)12. Commercially 
these resins find use as a water resistant high strength adhesive and coating used in vehicle repair 
and maintenance and food and beverage container linings 12• 
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Reaction ofa di amine with the epoxy group of the polymer15. This reaction occurs again at the 
terminal primary amine with the epoxy group of another polymer to bridge the chains. 
Manufacturers of PVC use plasticizers to increase flexibility and the most commonly used 
plasticizer is BPA16. Common uses of this flexible form of PVC include tubing. pond liners, and 
other miscellaneous applications that require a durable waterproof material. 
Exposure 
There are two primary concerns when looking at BP A leeching out of products. its 
exposure to humans and its environmental levels. Exposure to BPA primarily is the result of 
hydrolysis of polycarbonate plastics and resins that releases the chemical which is then 
consumed by humans or is released into the environment6. BPA has a log(Kow) around 3.3 
giving it a moderate ability to partition into organic sediments and into the fatty tissues of 
wildlife12• The BPA containing products of the most concern are those that are involved with 
food or beverages that could result in leeching and then human consumption and those that end 
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up in landfills or otherwise lead to environmental exposure. Polycarbonate plastic bottles, epoxy 
resin lined canned foods, and dental sealants are all common sources of BPA exposure in 
humans due to their ties to diet6. 
Recent research has shown that the current exposure levels of BP A have some risk of 
adverse health effects in children1• In a recent study, BPA was found in detectable levels in the 
urine of 92. 6% of the population with increasing concentrations in younger groups6. The 
concentrations in urine determined are 2. 5 ng/ml in adults. 3.0 ng/ml in adolescents and 4.5 
ng/ml in children6. In addition. there was an order of magnitude increase in BPA concentrations 
measured in the neonatal blood of infants. in an intensive care unit, over the measured 
concentrations of the general population (30.3 ng/ml)6. While these measurements come from 
two different fluids, both are strong indicators of the extent of BPA exposure in humans. There 
has also been concern about occupational exposure to BP A through inhalation or dermal 
contact12. This vmuld include jobs involving the manufacturing. transport. treatment. or 
packaging of BPA polycarbonate plastics. or epoxy resins 12. It has been found that workers who 
deal with the epoxy resin BADGE have significantly elevated BPA levels12. There is limited 
data on BPA levels in the blood placing the concentration at approximately 1 ng/ml for free 
BPA 6. However, these studies have come under scrutiny and do not represent a complete sample 
of the population6. Humans metabolize and then excrete BPA primarily through phase 2 
metabolism by gluccronidation12. Other methods of metabolites found include sulfates and 
sulfate glucuronide diconjugates12. 
Several studies have been conducted to test the environmental levels of BP A in the water. 
Concentrations of BP A are highest at point sources. like sewage effluent and landfill leachate. 
Landfills are of concern for BP A leeching with an anaerobic environment with no sun exposure 
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to help break down the chemical. Landfill leachate has been shown to have concentrations as 
high as 17 .2  mg/L 17. On a different note, with the widespread use of polycarbonate plastics and 
epoxy resins measurable levels of BP A in non-point sources is common 17. BPA degrades readily 
in aerobic environments with high amounts of microbes and from light exposure17. With this in 
mind most river samples to date have BPA levels below 0. 1 �tg/L with a median value of 0.140 
µg/L for U.S. streams17• However, concentrations as high as 10.3 mg/L have been reported in 
wastewater effluent12• BPA contamination is also of concern in ocean environments with an 
estimated 60-80% of the mass of anthropogenic debris being plastic 17• This is of additional 
concern due to the fact that polycarbonate plastic and epoxy resins are negatively buoyant and 
represent a large portion of seafloor debris world wide 17. 
Another major aspect to consider about BPA when dealing with environmental levels is 
its chemical properties and its degradation characteristics. BPA has a water solubility of 120-
300 mg/L making it only slightly soluble12• Due to a pK3 of 9.6-10.2 BPA 's solubility will 
increase with higher alkalinity12• In oxygen rich environments with naturally occurring bacteria 
BPA degrades at a reasonable pace with a half life ranging from 4.5 to 4. 7 days17• Considering 
its meager solubility and short half life it would seem like BPA levels wouldn't reach drastic 
levels in free flowing well oxygenated waterways, but, BPA also has a log Kow of 2.20 and 4.16 
making it likely to partition into organic sediments 12. As mentioned earlier BPA has increased 
degradation in aerobic conditions and when exposed to light. Taking this into consideration with 
the fact that BPA has a considerable log Klm this makes sediment concentrations a concern17• 
Measured sediment levels in Japan have shown BPA levels as much as three orders of magnitude 
higher than that of the waters of the waterway they came from ( 11 �tg/kg in sediment compared 
to 58 ng/L in the water)17• 
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Health Impact 
The current acceptable exposure limit set by the EPA and adapted by the FDA is 50 µg 
BP A/kg BW/day6. This limit was determined in 1988 based off of a 2 year carcinogenesis study 
conducted on adult rats6. Unfortunately, this limit does not take into account the effects of BPA 
on humans during a developmental period or the effects of low dosages of BPA6. Since 1988 a 
whole range of potential health problems associated with low dosages of BPA have been 
investigated for both humans and aquatic species. 
Most studies on the toxicity of BPA that have been conducted to date have been 
conducted on either rats or mice12• BPA acts as a xenoestrogen in the body in that it can act as 
an agonist at estrogen receptorsc'. The NIEHS/NTP report indicated that there was some concern 
about the effects of BP A from gestation through childhood of effects on the brain, behavior, and 
the prostate gland and minimal concern about the mammary gland and early puberty18• It is a 
concern for prenatal infants due to the importance of hormones during development in early life6. 
In adults high BP A levels have been correlated to diabetes, heart disease, and a wide range of 
reproductive health problems, but, these studies cannot prove causality6. A recent review of 
available literature conducted by the French Food Safety Agency concluded that while there is 
evidence to suggest health effects at levels below the current safety standard, studies thus far 
have methodological flaws that need to be addressed and additional research must be conducted 
to prove without doubt the link between BPA and the various health effects19• 
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Health Impacts on aquatic species have found more definite and reproducible affects than 
studies on human health impact. The measured levels of BPA in fish from Japan have been 
reported up to 15 µg/kg 17. While teratogenic effects have been linked to BP A, these effects 
occur at unrealistically (unlikely to be found) high concentrations17. Endocrine disrupting 
behavior, however, occurs at relevant (at or below measured values) levels17. The known effects 
of BP A on wildlife include: alteration of sex determination caused by exposure during gonad 
formation, alteration of gonad function caused by exposure during and after gonad formation, 
and induction of hepatic vitellogenin production caused by exposure after development17• For 
example, crocodilian Caiman latirostris eggs exposed to 9 mg of BPA per egg result in female 
alligators regardless of other factors17. Similar effects have been reported for certain birds and 
fish 17• Typically, sex determination effects occur at high concentrations of BP A, but, alterations 
of gonadal function can occur at lower levels 17. For example, 16 ppb BPA is enough to 
drastically reduce the number of spermatozoa in fathead minnO\VS 17. 
BP A analysis techniques 
BPA poses a large number of analytical challenges in order to obtain quantitative 
measurements. Because it is often found in a biological matrix extensive time consuming 
sample preparation steps are needed to clean up the sample for analysis2. Even with cleaning, 
the matrix that BP A is found in is often complex requiring either gas or liquid chromatography to 
fully separate out the BP A for analysis
2
. BPA is often found in sub parts per billion quantities so 
sensitive detection methods are required in order to accurately measure it2. 
12 
Sample Preparation 
If the sample comes from a living creature then BPA exists as the free molecule and the 
metabolized forms of BPA-glucuronide and to a lesser extent BPA-sulfate2. In order to analyze 
these samples the conjugates need to be hydrolyzed back to their BPA form2. This is 
accomplished through use of enzymes (like �-glucuronidase and sulfatase) and bringing the 
sample to 37°C for a few hours to overnight2. To separate the BPA from a biological or food 
sample a solvent extraction using acetonitrile is commonly employed2. Environmental samples 
as well as biological or food samples often require additional cleaning up in order to be analyzed 
using GC-MS 2. Natural water samples will require filtration to remove particulates. Soil 
Samples can be analyzed using a solvent extraction20. A solid phase extraction using a lipophilic 
solid phase cartridge is often employed to further eliminate unwanted contaminants 2 . Once a 
sample is cleaned, it is often necessary to derivatize the BPA in order to analyze it using GC­
MS2. Derivatization using N-0-bis(trimethylsilyl)trifluoroacetamide (BSTFA) or acetic 
anhydride are commonly employed 2. Derivatizing with pentafluorobenzoylchloride allows for 
GC-MS analysis in electron capture negative ionization mode 2. When considering liquid 
chromatography a fluorescent derivative could also he considered for fluorescence detection 2. 
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Instrumentation 
Most types of BP A analysis involve either liquid chromatography or gas chromatography 
coupled with a variety of detection techniques. Both types of chromatography have their 
advantages over the other. L iquid chromatography doesn't require a derivatization step in order 
to analyze BP A 21. Gas chromatography on the other hand usually produces better peak 
resolution21. 
Liquid Chromatography 
Liquid chromatography is done by reverse phased chromatography using a C18 column 
with the mobile phase determined by the detector being employed 21. Common solvent 
combinations are water with acetonitrile for fluorescence detection and water and methanol for 
mass spectrometer detection 21. Exact ratio ·s of solvents and run times will be heavily dependent 
and the number and types of contaminants 21. In general run times will vary between 15 minutes 
and 40 minutes 21 . 
Liquid Chromatography Detectors 
The detectors implemented for liquid chromatography include UV, fluorescence, 
electrochemical detection, and mass spectrometry 2. When utilizing UV detection BP A has an 
emission wavelength of 228 nm 2. The limits of detection for a UV detector (5 ng/g to 67 ng/g in 
food samples) are often an order of magnitude smaller than that of a fluorescence detector (3.7 
ng/ g in a food sample) 2. BP A has an excitation wavelength of 2 7 5 nm and an emission 
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wavelength of 305 nm 21• The fluorescence of BPA is enhanced in organic solvents making the 
sensitivity dependent on the mobile phase 21. It is important to account for possible false 
positives when looking at samples. BADGE. bisphenol F diglycidyl ether (BFDGE). and 
novolacs glycidyl ethers (NOGE) are all capable of producing a false positive with fluorescence 
21. Due to the electroactivity of the phenol groups of BP A. it can be detected using 
electrochemical detection 21. This method has a L OO of 0 .5  pg, making it far more sensitive than 
fluorescence 21• The downside of this method is that the electrolyte content and mobile phase 
must be optimized to get the maximum sensitivity which also means that isocratic elution is 
recommended 21• However, electrochemical detection has approximately equivalent detection 
levels as mass spectrometry 2. Mass spectrometry provides a sensitive and selective method of 
detecting BP A. While proper sample preparation is still required to prevent degradation of the 
column and minimize matrix effects. MS provides a high degree of confidence that the 
measurement is of BPA and not a matrix component 21. The MS methods most often used 
include atmospheric pressure chemical ionization and electrospray ionization with a quadrupolar 
mass analyzer 21. In both ionization techniques the instrument uses negative mode 21. Injection 
volume for most procedures is 10 �LL 21. Methanol water solvent systems yield a higher BPA 
response than acetonitrile water solvent systems for electrospray ionization 21. Addition of a 
modifier like 0.01-0 .5% acetic acid may increase the signal for acetonitrile water solvent systems 
and decrease the signal for methanol water solvent systems for electrospray ionization 21• The 
two largest peaks produced when looking at BP A's mass spectrum are 227 and 212 21. L imits of 
detection for MS detectors varies dependent on what the matrix consists of but a typical LOO 
can by at the sub ppb levels2. 
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Gas Chromatography 
Gas chromatography provides a better resolution high sensitivity method of analyzing 
BP A 21. The main drawbacks to GC analysis is that extensive sample clean up, like solid phase 
extraction, is necessary in order to have optimum instrument performance 21. As mentioned 
earlier, gas chromatography also often requires a derivatization step 21. Because of the amount of 
labor required for gas chromatography and the additional steps required before analysis there are 
many sources of error associated with this method 21. A temperature program can help separate 
the different components of a sample22. An optimized method involves starting the column at 
80°C for I minute then increased in temperature at a rate of l 5 °C/min to 248°C, held constant 
for I minute then increased in temperature by 3°C/min to 280°C22. 
Gas Chromatography Detector 
The most common detector used in analysis of BP A in food is a mass spectrometer with 
an electron impact ionization method 21. If a derivatization technique is used the largest peaks 
for BPA will be shifted upwards by the mass of the new groups of the benzyl rings 21. For 
example. with silyation one hydrogen is removed from both alcohol groups and replaced with a 
trimethylsilyl group at both positions for a net increase 144 putting a peak at 213 at 35 7 instead. 




For GC/MS techniques it is often necessary to include an internal standard. The most 
common standards are BPA D-16 and BPA D-14 21• When looking at the mass spectrum of the 
deuterated BPA it is important to take into account that the peaks will shift according to how 
many hydrogen atoms have been replaced. If a derivatization step had been performed then the 
hydrogen of the alcohol groups are not taken into consideration because they are removed by the 
derivatization. 
Introduction 
Analysis of BPA in the local environment 
BP A levels are typically of higher concern for higher population density areas with more 
industrialization. However, measurements of concentrations of BP A in more rural environments 
are limited. To better understand the possible threat of BP A contamination of rural 
environments a few sampling sites were selected based on ease of access and relative location to 
possible sources of contamination and human exposure. Analysis was attempted using GC-FID. 
HPLC/UV-VIS and GC/MS. After method development the BP A levels of the waters of the 
surrounding area were analyzed by looking at the concentrations using GC/MS with a solid 
phase extraction and silyation step to improve sensitivity. In addition, experiments attempting to 
measure the partition coefficient of BP A in local soils were conducted using fluorescence. 
17 
Analysis of BPA leaching behavior in a PVC pond liner 
When considering the potential for BP A exposure in natural waters it was also considered 
that there could be a potential problem for BP A contamination in manmade ponds where a PVC 
pond liner was employed. To better understand the potential for BPA to leach out of PVC pond 
liners some experiments were conducted using various durations of shaking on samples of 
distilled Millipore water and pond liner. The water of these samples was then analyzed using the 




An initial experiment was conducted to determine the viability of using a 7890 GC 
system with a FID detector to detect low levels of BPA. A sample was prepared by dissolving 
1. 5 mg of reagent grade BPA from Acros Organics in HPLC grade ethyl acetate from Fisher 
Scientific to a concentration of 7.5 mg/L. A temperature program from a paper by Samaras et. 
al.22 was used for the GC method. This procedure entailed a splitless injection at a temperature 
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of 280°C. The column started at 80°C for 1 minute then increased in temperature at a rate of 
15 °C/min to 248°C, held constant for 1 minute then increased in temperature by 3 °C/min to 
280°C. A blank run of ethyl acetate was done following the sample run. 
The 7 .5 mg/L BP A in ethyl acetate solution was also analyzed using a Shimadzu UV 
l 60U UV-Visible recording spectrophotometer. 
Determination qf the Linear Range ofthe instrument responsef(Jr the HPLC 
Stock solutions of BP A with concentrations of 0, 2.00, 4.01, 6.00, and 10.00 ppm BPA 
were prepared. The solutions were analyzed using reverse phase chromatography using a mobile 
phase of 80% methanol and 20% water at a rate of 1 ml per minute through a C-18 column with 
a UV-VIS detector measuring the absorbance at 228 nm. 
Soil Analysis 
Soil samples were taken from the bank of the pond near the arena at EIU and from the 
creek bed in Kiwanis Park. Samples were dried at 110°C for at least 24 hours in a drying oven. 
The samples were then sieved to a 180 µm particle size. The soil was then baked at l 20°C for an 
hour to kill any residual bacteria that may degrade the BP A. Samples consisted of soil in 
solutions of BPA with concentrations varying from 0 to 6 ppm with a soil to final volume of 
solution ratio of 1 : 6. 25 .  Samples also contained 0.01 molar CaC'2 to ensure a constant ion 
exchange. Samples were then wrapped in foil to reduce light exposure and brought to 
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equilibrium over 20 hours using a Burrell Wrist Action Shaker. The samples were then 
centrifuged for 10 minutes then filtered using a glass fiber filter followed by a 0.45 �tm filter. 
The samples were analyzed using an Aminco Bowman Series 2 Luminescence 
Spectrometer. The excitation wavelength was 228 nm and the emission wavelength was 305 nm. 
The machine's intensity was set to I 070 volts. Samples had their fluorescence measured, then 
the samples were spiked with approximately 0.05g of 50  ppm BPA stock solution then the 
fluorescence was measured again. 
HPLC analysis of the samples was performed using reverse phase chromatography using 
a Hitachi HPLC. HPLC method was the same as the method described earlier that was used to 
determine the linear range of the instruments response. 
GCIMS 
An experiment was conducted to determine the retention time and mass spectrum of 
silyated BP A. The initial sample that was used for GC/MS method development was an 
approximately 9. 5 ppm BPA solution with methanol as the solvent. This sample was not spiked 
or extracted. I 0 µL were evaporated. silyated. and analyzed. To determine the retention time and 
mass spectrum of an isotopologue of BPA a stock solution of BPA-D 16 was prepared by 
dissolving 1.1 mg of BPA-D 16 in approximately I 0 g of ethyl acetate. Approximately I 0 �tL of 
the solution was measured out in a reaction viaL evaporated to dryness then silyated and 




Natural water samples were filtered through a glass fiber filter, and then acidified to pH 
2.5 using concentrated HCI. Then a 200 mL aliquot of the sample was spiked with an internal 
standard. Sampling sites include: Kiwanis park, Cassel creek, the Embarras River, and the water 
fountain in the chemistry department. In addition. a blank sample was analyzed to determine 
limits of detection for the procedure. 
Pond Liner 
A section of pond liner was cut out and submerged in I 00 mL of distilled Millipore water 
in an Erlenmeyer flask. Experiments were conducted with both pond liner that had been cut up 
into small pieces and one solid piece of pond liner. The flasks were then sealed and agitated 
with a shaker for six to sixteen days without exposure to light to cause BPA leaching. An 
experiment was also conducted without agitation in order to determine leaching behavior in 
perfectly calm water. After the agitation time the pond liner was removed from the water and 
any particulate matter was centrifuged out. The sample was then acidified and analyzed in the 
same manner as the natural water samples. 
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Reference Sample 
Analyzed in tandem with the natural water samples and pond liner experiments was a 
reference sample. This sample consisted of 3. l mg of BPA-016 and 2.7 mg of BPA dissolved in 
approximately 10 g of ethyl acetate. A couple µL of this reference sample was placed in a 
reaction vessel and evaporated to dryness before undergoing silyation and analysis. 
Internal Standard 
Samples were spiked using a 1.1 ppm BPA-016 stock solution to a concentration of 
approximately 1 ppb. 
Solid Phase Extraction 
The procedure developed comes from an optimized procedure from the paper by Samaras 
et. al2. Samples consisted of 200 mL of filtered natural water that had been acidified to 
approximately pH 2.5 and spiked as described earlier. The first step in this procedure was to 
separate the BP A in a sample using an Oasis HLB Sec 200 mg LP glass cartridge to perform a 
solid phase extraction. The cartridge was conditioned with 3 washes with 2 mL of ethyl acetate, 
3 washes with 2 mL with methanol. 3 washes with 2 mL of distilled Millipore water. and 4 mL 
of distilled Millipore water that had been acidified to approximately pH 2.5 using concentrated 
HCI. The sample was then sent through the cartridge at a rate of roughly 0.5 ml/minute. After 
the extraction the cartridge was allowed to dry before elution. 
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Elution and Evaporation 
The cartridge was eluted with 3 washes of 2 mL of HPLC grade ethyl acetate into a test 
tube. The solution was evaporated under a gentle stream of nitrogen from a Gano welding 
supply gas cylinder until roughly half a mL of solution remained. The solution was then 
transferred via pipette to a specially made reaction vessel (to be described in a later section). The 
solution was then evaporated to dryness under the gentle stream of nitrogen. 
Making the reaction vial 
The reaction vial was made from a disposable glass pipette. The pipette was cut 
approximately an inch below and above where the glass begins to taper. The ends were then 
flamed to smooth out jagged edges and to seal up the tapered end. After cooling, the vial was 
partially submerged in water to determine if the vial would leak. 
Silyation Reaction 
In order to improve the volatility of BPA for GC analysis, a silyation reaction was 
performed. 50  µL of reagent grade N,0-bis(trimethylysilyl) trifluoroacetamide (BSTFA)with 
I %  trimethylchlorosilane (TMCS) from Thermo Scientific and I 0 µL of HPLC grade pyridine 
from Fisher Scientific were added to the reaction vial. The vial was sealed with a cork then 
mixed for I minute. The vial was then placed in an oven at 70°C for 20 minutes then cooled for 




Figure I: The Silyation reaction of Bisphenol A. 
GC/MS analysis 
After the reaction was completed the sample was analyzed using a Hewlett Packard 
Series II 5890 GC/MS. The same temperature program as mentioned in the GC/FID section was 
employed with a manual injection. The sample was scanned using SIM looking for peaks with a 
mass to charge ratio around 357 and 372 at a retention time of roughly 14.1 minutes for silyated 
BPA and a mass to charge ratio of 368 and 386 with a retention time of 13.9-14 minutes for 
silyated BPA-D16. 
Cleaning Procedure 
Throughout this experiment all the glassware and measuring devices had to be 
impeccably clean and all contact with plastic had to be eliminated. All glassware was washed 
with alconox, then rinsed with deionized water five times then distilled Millipore water three 
times. Solvents had to be acquired and measured out using only glassware and the bottles were 
often sealed with aluminum foil to prevent any BPA leaching that may occur from a plastic cap. 
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Syringes were employed to measure out small volumes. The syringes were rinsed 4 or 5 times 
with methanol then vacuum was applied to dry the syringe. 
Results and Discussion 
Initial GC and UV-Vis analysis 
When looking at the GC-FID spectra of the sample there were many unexplained peaks. 
The baseline also rose significantly as the temperature program progressed making smaller peaks 
difficult to discern. Overall. there were no detectable peaks in the BP A spectra that weren't also 
in the blank spectra at roughly equivalent intensities. As a result, it was determined that GC-FID 
was not an adequate method for the detection of BPA by itself. 
As for the UV-VIS analysis, the range of wavelengths available on the Shimadzu 
spectrophotometer did not encompass the most intense peak for BP A. It was also determined 
that ethyl acetate has an absorbance peak around the absorbance wavelengths for BP A. These 
two factors made UV-VIS spectrometry ineffective. 
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Soil Analysis 
The initial experiment of attempting to analyze the samples using only fluorescence 
yielded no interpretable results. Data from that experiment was random following no detectable 
trends or patterns. The results from determining the HPLC's linear instrument response using an 
absorbance detector are shown in table 1 and a graph of these results are shown in figure 2. 
sample concentration(ppm) Peak area 
2.0023 72673 
3. 9817 135300 
6.0000 234700 
9.9978 367850 
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Figure 2: A graph of HP LC absorbance detector response at 228 nm as a function of EPA 




In the chromatogram from the initial sample a peak was found with a retention time of 
14.1 minutes with a mass to charge ratio in the 357 -358 range and 372.2. The chromatogram 
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Figure 3: Chromatogram of 6 mL of a 9. 5 ppm BP A sample that was evaporated to dryness then 
silyated. 
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Figure 4:A portion of the mass spectrum of silyated BPA (the peak at 14 minutes in figure 3) 
On the mass spectrum, 3 72 is the molar mass of silyated BPA and the most intense peak at 357 is 
the mass of silyated BP A that has lost one methyl group. When analyzing the reference sample 
it was found that the BPA-016 peak had a retention time a few seconds shorter than the BPA 
peak and the mass spectrum had peaks at 386.2 and 368.2. 
The concentration of BPA in a natural water sample is calculated using equation 1. In 
equation 1 the peak areas refer to the area of the peaks from the GC chromatogram, in particular 
the area of the peak corresponding to the ion with a mass to charge ratio of 3 72.2 for BPA and 
386.2 for BPA-016. Also in equation I the concentration of the spike is the mass of BPA-016 
in the spike divided by the volume of the sample and the relative response is calculated using 
equation 2. All the data for equation 2 comes from the analysis of the reference sample. The 
masses are the original masses of the BPA and BPA-016 in the reference solution (3.1 mg and 
2. 7 mg respectively). 
(I) (Peak Area of BPA)•(Concentration of spike) C · f BPA · W l --------------- = oncentratwn o m ater samp e 
(Relative Response)•(Peak Area of BPA-D16) 
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Peak Area BPA Mass BPA-D16 R l t' (2) Peak Area BPA-D16 * Mass BPA = e a we response 
Natural Waters 
The reference sample for Kiwanis Park was measured 3 times and the results are shown 
in Table 2. The peak measured for BPA refers to the 372.2 ion and the peak for BPA-DJ6 refers 
to the 386.6 ion. 
Peak Area BPA-016 Peak Area BP A Peak Ratio BP A/BPA-016 
I 
849000 634000 0.747 
784000 583000 0.744 
939000 684000 0.729 
Table 2: The results from analyzing the reference sample for the Kiwanis Park sample 3 times 
using GCIMS. 
The mean of the peak ratios in table 2 is 0.740(24). The calculation for the relative response is: 
2.7 
0.740 * -3 = 0.645(21) .1 
The peak areas for BPA (i.e. the peak corresponding to the ion 372.2) and BPA-Dl 6  (i.e. the 
peak corresponding to the ion 386.2) and the ratio's between them for the sample from Kiwanis 
park are shown in table 3. 
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BPA-D16 BPA BPA/BPA-D16 
29300 1060 0.0363 
35100 1210 0.0345 
43000 1380 0.032 
Table 3: The results from analyzing the natural water sample from Kiwanis Park 3 times using 
GCIMS 
The mean of the ratio's of the peak areas for BPA and BPA-Dl6 from table 3 is 
0.0342(5). The spike for the Kiwanis Park sample consisted of 0.1975 g of 1.1 ppm BPA-D 16 
so the ending concentration in the 200 mL sample was 1.09(10) ppb. Using equation 1 the 
original concentration of BP A in the water source can be found as follows. 
(Peak Area of BPA) *(Concentration of spike) . . 
( l · ) ( k f 5 'k ) = Concentratwn of BPA m Water sample Re atwe Response * Pea Area o pi e 
0.0342(5) * l.09(9)ppb 
0.645(2l) 
= 0.058(11)ppb 
The sample from Kiwanis park was shown to have a concentration of 0.058(11) ppb. 
This same set of calculations was done with a blank and water samples from Cassel Creek, the 
Embarras River and the drinking fountain on the fourth floor of the physical science building. 
The tabulated results from these experiments are shown in table 4. Based on the data from the 
blank run the LOD for this procedure is 0.03 ppb. 
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Sample name I BP A concentration (ppb) 
Blank 0.021(7) 
Kiwanis Park 0.058(11) 




Table 4: Compiled results of the analysis of water samples. 
Pond liner analysis 
The primary difference between the pond liner water samples and the natural water 
samples is that the pond liner water samples only contained 100 mL of water. Samples that were 
shaken often contained a white precipitate after the equilibration time that was centrifuged out. 
The tabulated results of these experiments are shown in table 5. 
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Mass pond , Area pond liner !Equilibrating time Mass BPA leached pg BPA/cm2 
liner (g) I (cm2) (days) I (mg) pond liner I I 
Blank NIA 10 0.00008(6/ NIA 
2.0146. NIA 6 0.034 NIA 
0.5832 19.8 6 0.015(15) 0.76 
0.6046 20.6 10 0.082(18) 4.0 
0.5993 20.4 10 0.016(4) 0.79 
0.5900 20.1 10 0.06(8) 3 
0.7033 23.9 16+ 0.07(4) ..., -' 
0.6248 21.2 16 0.08(4) 4 
Table 5: Compiled results from the pond liner analysis. Samples were not exposed to light 
during the equilibrating time. ( +) Wasn't shaken. (*) Pond liner cut into small pieces. (#) GC 
peak corresponding to the mass to charge ratio 386 was too small to measure. 
In Table 5 it should be noted that the second analysis (the sample with 2.0146 grams of cut up 
pond liner) had a problem with the GCIMS analysis, not enough replicate measurements were 
made to get a 95% confidence limit. Since the entire pond liner weighs approximately 4.54 kg 
and would typically hold 757 L, if a pond was constructed from this liner and BPA leached out 
to the extent that the pond liner tested in this experiment did, the sample that was agitated for ten 
days of shaking would correspond to a BP A concentration of 810 ppb while the sample that 
agitated for 16 days without shaking would correspond to a concentration of 600 ppb. 
Cleaning Procedure 
It is worth mentioning that it took appreciable time to narrow down and eliminate nearly 
all of the sources of BPA for this experiment. Brief contact with any type of plastic laboratory 




Looking at table 4 the natural water levels are not high enough to be of concern based on 
the current set acceptable levels of the EPA and FDA. With the LOO of 0.03 ppb being so close 
to the other levels it would be reasonable to assume that the actual levels are even lower than the 
procedure indicated based on the possibility of BP A contamination. The measurement for the 
Embarras River is too close to the LOO to say with 95% confidence that there are measurable 
levels of BPA in that particular waterway. Even though these levels are not at an appreciable 
level by current set health standards or when compared to the national average of 0.1 ppb, these 
levels could possibly present the threat of chronic exposure to a small percentage of aquatic life 
forms. 
Pond Liner 
The masses of BPA reported in table 5 indicate an appreciable amount of BP A leaching. 
With the blank measurement a full three orders of magnitude lower than the indicated levels it 
can be said with confidence that given a pure water sample and agitation BPA will leach out of a 
PVC pond liner to an extent that could be of concern to aquatic life. However, there are some 
issues that need to be addressed about the data. The 95% confidence intervals based on the 
reproducibility of the instrument measurements is very poor. This indicates some 
methodological flaw. The procedure used to analyze the pond liner samples was optimized for 
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the measurement of BP A at low concentrations while the pond liner samples in reality contained 
a good deal more BP A. To remedy this it would be prudent to evaluate the sample preparation 
and make changes. Some possible solutions may include using only a small portion of the water 
sample and/or use a more concentrated spike of BPA-D 16 so that the ratio of BPA to the 
isotopologue is closer. 
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